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© PROCESS FOR PRODUCING STEEL WIRE FOR DRAWING. 

© A high-carbon steel wire with a carbon content of 0.7 to 0.9 % is supercooled to effect austenitization, 
subjected to plastic working at a degree of working of 20 % or above in the temperature range from 500 * C to 
the Aei point, and transformed into pearlite without heating to the austenitic region. The size of the pearlite block 
is 5.0 urn or less, and a filament with a strength after drawing of 400 kgf/mm 2 or above and a draw ratio of 40 % 
or above is obtained. It is suitable for automotive tire cord wire. 
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Technical Field 

The present invention relates to a process for manufacturing steel wires for use in wire drawing, and 
particularly steel wires which are subsequently subjected to final wire drawing to form steel filaments which 
are used in the manufacture of steel cord wires. 

Background Art 

Steel cord wires and bead wires which have generally been used in tires and similar products are 
twisted strands made by twisting a bundle of filaments of a high carbon steel, each steel filament having a 
diameter of around 0.2 mm. Steel filaments which are presently used for this purpose have a tensile 
strength on the order of 320 kgf/mm 2 . 

The conventional process for manufacturing such steel filaments comprises the following steps: 

I Repeat ing* 1 

5.5* Wire Rod-*->LP — >Wire Drawing -Ul . 2* Wire — ►Final LP — > 
Pickling and Plating — »Final Wire Drawing — Filament 



In the final lead patenting (LP) step, a 1.2<f> steel wire is heated to about 900 *C and then dipped in a 
molten lead bath at around 600 *C to adjust the tensile strength (TS) of the wire to 125 kgf/mm 2 . The 
resulting lead-patented steel wire is used as a starting material for the final drawing, and it is pickled and 
plated before it is finally drawn into a filament having a tensile strength of about 320 kgf/mm 2 . In the above- 
described process, the wire drawing reduction ratio («) attained under these conditions is around 3.2. A 
higher reduction ratio is desired in order to improve the strength of the wire, but it cannot be attained due to 
a decrease in ductility. 

In co-pending Japanese Patent Application No. 63-169480 (1988), the present inventors proposed that 
wire drawability can be increased by performing the final lead patenting under such conditions that the 
resulting wire has a relatively low tensile strength (TS) of around 116 kgf/mm 2 . However, the wire drawing 
reduction ratio (c) attainable in this method is at most c = 4.5, and the tensile strength of the resulting 
filaments is on the order of 380 kgf/mm 2 . 

In the process described in Japanese Unexamined Patent Application Kokai No. 64-15322(1989), a 
thermo-mechanical treatment is applied in place of the final lead patenting treatment so as to refine the 
resulting pearlite blocks to an average size of about 6-77 urn and improve the wire drawability of the wire. 
This process gives steel filaments having a tensile strength on the order of 400 kgf/mm 2 . However, after the 
thermo-mechanical treatment, the wire is subjected to recrystallization by heating again at a temperature in 
the austenitic range followed by slow cooling. Therefore, the refinement of the pearlite blocks cannot be 
achieved in a stable manner, and the process involves an increased number of steps, thereby requiring a 
prolonged processing period and leading to increased manufacturing costs. Moreover, the reduction of area 
of the steel filaments obtained after the final wire drawing is on the order of 30% which is rather low since 
the working has been applied in a high reduction ratio region. Therefore, the resulting filaments lack stability 
and are susceptible to breakage during twisting into cord wires. 

Japanese Examined Patent Publication No. 57-19168(1982) which corresponds to Japanese Unex- 
amined Patent Application Kokai No. 53-30917(1978) discloses a similar strengthening or toughening 
method of a carbon steel by a thermo-mechanical treatment. The steel material obtained in this method is a 
steel rod having a diameter of from 4.0 mm to 13.0 mm and it is used in the as-treated state without further 
wire drawing. The thermo-mechanical treatment employed in this method is performed by applying working 
with a reduction of area in the range of 10% to 40% to a metastable austenitic structure at a relatively low 
temperature (which is below 450* C and above the Ms point) followed by isothermal heat treatment to form 
a structure comprising fine ferrite and cementite phases. In this case, the refinement attained by the 
thermo-mechanical treatment is a reduction of interlaminar distance, i.e., lamellar distance, of the pearlite 
structure. This publication does not refer to a reduction of the pearlite block size as described above. The 
strength attained by the thermo-mechanical treatment is not higher than 200 kgf/mm 2 . 

It is possible to increase the strength of a starting wire which is subjected to final drawing by increasing 
its carbon content to 1.0% or more, for example. However, the drawability of this material is degraded by 
the effect of precipitated proeutectoid cementite, and therefore the resulting drawn wire cannot have an 
improved tensile strength. 
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Nowadays, tire cord wires are required to have an even higher tensile strength as the properties 
required for tires become more strict in order to improve the stability of automobiles during high speed 
driving. Accordingly, steel filaments for use in the manufacture of tire cord wires are required to have 
improved mechanical properties after final wire drawing such as a tensile strength (TS) of at least 400 

5 kgf/mm 2 and a reduction of area of at least 40%. 

In the manufacture of steel filaments, the tensile strength of the steel material is gradually increased in 
the course of drawing a starting wire of a high carbon steel to reduce the diameter. However, when a 
conventional starting steel wire having a diameter of 1 - 2 mm and containing a usual eutectoid structure is 
patented and then wire drawn, the maximum attainable tensile strength is around 320 kgf/mm 2 with a 

70 reduction ratio c = 3.2. as described above. 

Neither the above-mentioned technique of increasing the limiting reduction ratio « by adjusting the 
structure so as to have relatively coarse grains before wire drawing or the technique of improving the 
drawability of the starting steel wire by refinement of grains (pearlite blocks) achieved by thermo- 
mechanical treatment as described in Japanese Unexamined Patent Application Kokai No. 64-15322(1989) 

75 can provide the desired steel filaments having a tensile strength of 400 kgf/mm 2 or higher and a ductility of 
at least 40% by subsequent wire drawing of the starting wire. 

Disclosure of Invention 

20 Accordingly, a first object of the present invention is to provide a process for manufacturing steel wires 
for use in wire drawing to manufacture steel filaments for cord wires which possess the above-described 
desirable properties. 

A second object of the present invention is to provide steel wires for use in wire drawing from which 
steel filaments having a tensile strength of 400 kgf/mm 2 or higher and a reduction area of at least 40% and 
25 which are suitable for use in tire cord wires can be manufactured, and a process for the manufacture of 
such steel wires. 

The present inventors conducted various investigations in order to achieve these objects and found that 
the drawability of a steel wire can be improved by adjusting the tensile strength before wire drawing at a 
target value of TS = 115 kgf/mm 2 and applying a thermo-mechanical treatment before the final wire 

30 drawing so as to form a fine pearlite structure having a pearlite block size of 5.0 urn or smaller and 
preferably 1 .0 urn or smaller. The present inventors also investigated the conditions for thermo-mechanical 
treatment with a view to obtaining such a fine pearlite structure by a simple process. 

It was generally considered in the prior art that refinement of a pearlite structure, i.e., reduction of a 
pearlite block size, could be achieved only by a process comprising subjecting the worked structure to 

35 recrystallization by heating at a temperature in the austenitic range followed by slow cooling from the 
austenitic range temperature so as to cause a pearlite transformation. However, the present inventors have 
found that the pearlite block size can be sufficiently reduced by cooling from a temperature in the austenitic 
range to a temperature in the isothermal transformation range to cause a isothermal transformation into 
pearlite as long as the preceding working is performed under controlled conditions, and accomplished the 

40 present invention. ' 

In brief, the present invention resides in a process for manufacturing a steel wire for use in wire drawing 
into a steel filament, comprising preparing a steel wire having a carbon content of 0.7% - 0.9% by weight 
for final wire drawing and subjecting the steel wire to patenting treatment before the final wire drawing, 
wherein the patenting treatment is performed by the steps of heating at a temperature in the austenitic 

45 range above the AC3 point, rapidly cooling to a temperature in the range which is below the Aei point and 
above 500 *C at such a cooling rate that does not cross the pearlite transformation starting line in the 
isothermal transformation diagram, applying plastic deformation in that temperature range with a reduction 
rate of at least 20%, and causing pearlite transformation without re-heating to the austenitic range. 

In a preferred embodiment of the present invention, the plastic deformation can be applied to the wire 

so by rolling in a rolling mill or drawing through a warm die or a roller die. 

In the present description, the term "steel wire for wire drawing" means a steel wire to be subjected to 
final wire drawing to form a steel filament. Such wire is also referred to herein as "stock wire" or "starting 
wire". The term "drawn wire" means a wire obtained by the final wire drawing, i.e., a steel filament. 

55 Brief Description of Drawings 

Fig. 1 is a schematic diagram illustrating the conditions for thermo-mechanical treatment employed in the 
present invention in three stages and the change in metallurgical structure caused by the treatment; and 
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Fig. 2 is a graph showing the relationship between the reduction rate (reduction of area) in the plastic 
deformation applied after the rapid cooling step and the mechanical properties of the wire obtained after 
final wire drawing. 

s Best Mode for Carrying Out the Invention 



Referring to the accompanying drawings, the present invention will be described more fully. 
Fig. 1 is a schematic diagram illustrating the conditions for thermo-mechanica! treatment employed in 
the -present invention in three stages I to 111 and the change in metallurgical structure caused by the 
io treatment. 

1) Stage I: 

In this stage, a steel wire which is to be subjected to patenting treatment prior to final wire drawing is 
75 heated at a temperature above the Acs point for austenitization. This heating comprises a heating step in 
the patenting treatment. 

Thus, the heating temperature in the patenting treatment before the final wire drawing is restricted to a 
temperature in the austenitic range and above the AC3 point. This is because heating at a lower temperature 
below the austenitic range is not adequate to sufficiently eliminate internal defects formed in the preceding 

20 preliminary wire drawing steps and the resulting heated wire lacks ductility. However, if the heating 
temperature is too high, the grains (austenitic grains) coarsen and they cannot be refined sufficiently by the 
subsequent thermo-mechanical treatment. Therefore, the heating temperature is preferably in the range of 
from 50 C above the AC3 point to 200* C above the AC3 point. Usually, a temperature in the range of 850 - 
950 C will fall within the above-described range of preferable heating temperature. 

25 After heating in the austenitic range, the heated steel wire is rapidly cooled to a working temperature 
(Tc) which lies between the Aei point and 500 " C at a cooling rate that does not cross the pearlite 
transformation starting line (indicated by the dotted line Ps in Fig.1) in the isothermal transformation 
diagram. 

The cooling rate in the rapid cooling to the working temperature is not restricted as long as it does not 
30 cross the pearlite transformation starting line Ps in the isothermal transformation diagram. It is important that 
the steel wire not undergo pearlite transformation before the completion of working and that it retain the 
austenitic structure formed in the heating step in the form of supercooled austenitic structure at the end of 
the rapid cooling step. 

Generally a cooling rate of 170*C/second or higher and normally 190*C/second or higher is sufficient 
35 to prevent the steel wire from undergoing pearlite transformation. However, an extremely low cooling rate 
requires a prolonged cooling time, and as a result, precipitation of carbide which degrades the workability of 
the steel may be initiated in the supercooled austenitic structure prior to working. Therefore, a cooling rate 
of 200 ' C/second or higher is preferred. 

40 2) Stage II: 

The steel wire which has been rapidly cooled to a working temperature which is below the Aei point 
and above 500 "C in the above-described manner is then subjected to plastic deformation, which is 
preferably performed by rolling in a rolling mill or drawing through a warm die or a roller die. 

45 The cooling or working temperature in this stage is not critical as long as it is below the Aei point and 
above 500 C. In other words, there is no limitations in that temperature as long as pearlite transformation or 
martensite transformation does not occur prior to working. However, cooling to a temperature lower than 
500 C decreases the wire drawability of the steel material, while working at an extremely high temperature 
forms a pearlite structure which is too coarse to attain a sufficient level of tensile strength. Consequently, 

50 the cooling temperature, i.e., the working temperature is preferably in the range of 600* C ± 50* C. Working 
at a temperature outside this range may give a tensile strength which greatly deviates from the target value 
of 115 kgf/mm 2 before final wire drawing, resulting in a degradation of the drawability of the steel wire or a 
decrease in the tensile strength attainable after the final wire drawing. 

Application of plastic deformation to a steel wire in this stage is known in the art and any known method 

55 for plastic deformation can be employed in the present invention. The plastic deformation may be 
performed by rolling in a rolling mill or drawing through a warm drawing die or a roller die in a conventional 
manner. 

By applying plastic deformation to the supercooled or untransformed austenitic structure formed by the 
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preceding rapid cooling step, the austenitic grains are wrought and pearlite-forming nuclei are introduced 
along the grain boundaries and within the grains. The larger the number of nuclei introduced, the finer the 
size of pearlite blocks formed by the subsequent isothermal transformation. 

In Fig. 1, the black dots in the metallographic illustration of Stage II indicate the pearlite-forming nuclei. 
5 The number of pearlite-forming nuclei introduced by plastic deformation tends to increase as the working 
temperature (Tc) is lowered or the reduction rate (Rd) is increased. 

Therefore, in the process of the present invention, the plastic deformation is applied with a reduction 
rate of at least 20% and preferably at least 40%. The reduction rate (y) is calculated based on the cross- 
sectional area (CSA) of a wire before and after working (drawing) as follows: 

10 

Reduction Rate (<y) = [[(CSA Before Working) - (CSA After Working )]/(CSA Before Working)] X 100 (%) 



The reason for applying plastic deformation to the supercooled austenitic structure with a reduction rate 

15 of at least 20% and preferably at least 40% is that plastic deformation with a reduction rate of less than 
20% gives a filament having a tensile strength of at most around 350 kgf/mm 2 with a limiting reduction ratio 
6 = about 4.0 during final wire drawing. Namely, by plastic deformation at a reduction rate of less than 
20%, the number of pearlite-forming nuclei introduced is not sufficient to cause the formation of fine grains 
(pearlite blocks) having a grain size of not greater than 5.0 urn during the subsequent isothermal 

20 transformation. Application of plastic deformation with a reduction rate of 40% or higher makes it possible to 
cause the formation of very fine pearlite blocks having a size of not greater than 1.0 urn. 

Fig. 2 is a graph showing the mechanical properties of steel filaments which were prepared from a steel 
wire having a composition of C: 0.80%, Si: 0.45%, Mn: 0.50%, P: 0.015%, and S: 0.015% (Ac 3 point = 
745* C, Aei point = 721 * C) by heating to 900° C for austenitization, cooling to 600° C at a cooling rate of 

25 20°C/second, applying plastic deformation with different reduction rates, and subjecting the wire to 
isothermal transformation into pearlite before it was finally drawn into a filament. It can be seen from the 
results shown in this figure that steel filaments having the desired properties can be obtained by plastic 
deformation with a reduction rate of at least 20% and preferably at least 40%. 

The strain rate during the plastic deformation applied to the austenitic structure according to the present 

30 invention is not critical, but it is preferably at least 1.0 s~ 1 . Plastic deformation at a strain rate of at least 
1.0" 1 provides further improvements in the limiting reduction ratio during final wire drawing to € = 4.8 or 
higher, in the tensile strength attainable after the final wire drawing to TS = 410 kgf/mm 2 or higher, and in 
the reduction of area to 45% or higher. 

35 3) Stage III: 

After the steel wire having a supercooled austenitic structure is subjected to plastic deformation, it is 
kept isothermally at the working temperature to cause isothermal transformation into pearlite without re- 
heating to the austenitic range for recrystalltzation. Usually, the isothermal treatment is performed by a lead 

40 patenting treatment by dipping the wire in a molten lead bath. 

The treatment performed in the preceding Stage II is applied in the supercooled austenitic range. In 
Stage III, the steel wire is subjected to isothermal transformation to transform the supercooled austenite into 
pearlite. The number of pearlite blocks formed in this treatment determines the size of pearlite blocks or 
grains finally formed at the end of this stage. The number of pearlite blocks formed is proportional to the 

45 number of pearlite-forming nuclei introduced in Stage II, since each of the above-described wrought 
austenitic grains is divided to form pearlite grains, the number of which depends on the number of pearlite- 
forming nuclei. 

As shown in the metallographic illustration of Fig. 1, pearlite blocks formed in Stage III are comprised of 
crystal grains oriented in different directions and the average diameter of these crystal grains is the pearlite 

so block size. In the figure, Tn indicates the nose temperature of the isothermal transformation curve. 

If the plastic deformation is followed by re-heating to a temperature in the austenitic range for 
recrystallization and then cooled slowly, not only the number of steps is increased, but it takes a prolonged 
period of time to complete the slow cooling. Moreover, the re-heating treatment will cause the resulting 
austenitic grains to grow and grain refining cannot be attained in a sufficiently stable manner during the 

55 subsequent slow cooling step. On the other hand, if the plastic deformation is followed by rapid cooling, the 
formation of a bainitic structure will occur and the resulting transformed structure will be interspersed with 
the low-temperature transformed phases, leading to a decrease in wire drawability in the subsequent final 
wire drawing step. Therefore, the desired product cannot be obtained. 

6 
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The tensile strength of the steel wire for wire drawing manufactured in this manner according to the 
present invention is preferably adjusted to TS = 115 kgf/mm 2 . If desired, the steel wire may be subjected 
to pickling and lubricating procedures in a conventional manner prior to final wire drawing. The final wire 
drawing may be performed in any conventional manner. 
5 The chemical composition of the steel wire used in the present invention is not critical except for the 

carbon content. 

Carbon is necessary for the steel wire in order to develop its tensile strength. The minimum carbon 
content is 0.7% since the desired tensile strength of at least 400 kgf/mm 2 cannot be attained with a lower 
carbon content. The maximum carbon content is 0.9% since a higher carbon content adversely affects the 
io wire drawability of the steel wire due to the precipitation of pro-eutectoid cementite, resulting in a decrease 
in tensile strength. 

If desired, the content of one or more of Si, Mn, P, and S may be restricted appropriately. An example 
of a suitable composition for the steel wire is C: 0.70 - 0.90%, Si: 0.15 - 1.20%, Mn: 0.30 - 0.90%, P: not 
greater than 0.01%, and S: not greater than 0.002%. 
75 The present invention will be described more fully by the following example. 

Example 

Steels having the compositions shown in Runs Nos. 1 - 22 in Table 1 and each weighing 150 kg were 
20 prepared by melting in a vacuum melting furnace. Each resulting ingot was hot-rolled to form a wire rod 

having a diameter of 5.5 mm, which was then cold-drawn so as to reduce the diameter to 2.3 - 3.25 mm. 

The resulting wire was then subjected to thermo-mechanical treatment under the conditions shown in Table 

1 to give a starting wire for final wire drawing. 

The AC3 point of each test steel was in the range of 745 - 780* C and the Aei point thereof was 721 * C. 
25 In the thermo-mechanical treatment performed in this example, plastic deformation in the supercooled 

austenitic range was applied by means of rolling in a rolling mill. It was confirmed that almost the same 

results were obtained by applying plastic deformation by means of drawing through a warm drawing die or 

a roller die. 

After the final patenting treatment, the patented wire was pickled in a 20% sulfuric acid solution and 
30 then plated with brass before it was finally wire drawn by a wet continuous wire drawing machine. 

The mechanical properties of the starting wires as well as the limiting reduction ratio (*) in the wire 
drawing and the mechanical properties of the drawn wires (filaments) are also shown in Table 1. The tensile 
strength of the starting wire was adjusted at a target of 115 kgf/mm 2 . 
The results shown in Table 1 indicate the following. 
35 Runs Nos. 1 - 5 were performed in order to demonstrate the effect of the carbon content. In each of 
Runs Nos. 1 and 5, which are comparative examples in which the carbon content did not fall within the 
range defined herein, the tensile strength of the drawn wire did not reach the target value of 400 kgf/mm 2 . 

Runs Nos. 6-9 were performed in order to demonstrate the effect of the heating temperature in the 
thermo-mechanical treatment. In Run No. 6, which is a comparative example outside the range defined 
40 herein, the tensile strength of the drawn wire did not reach 400 kgf/mm 2 and the reduction of area also 
showed a decreased value. Runs Nos. 7 - 9 are all examples according to the present invention. 

Runs Nos. 10-14 were performed In order to demonstrate the effect of the cooling rate. In Run No. 10, 
which did not fall within the range defined herein, the cooling rate was so slow that pearlite transformation 
occurred partially at this stage. As a result, the limiting reduction ratio showed a decreased value and the 
45 tensile strength of the drawn wire did not reach 400 kgf/mm 2 . In the other runs, the cooling rate did not 
cross the pearlite transformation starting line in the isothermal transformation diagram. 

Runs Nos. 15-18 were performed in order to demonstrate the effect of the working temperature on 
austenite. In Runs Nos. 15 and 18, which are comparative examples outside the range defined herein, the 
tensile strength of the resulting drawn wires did not reach 400 kg/mm 2 , 
so Runs Nos. 19-22 were performed in order to demonstrate the effect of reduction rate on supercooled 
austenite. In Run No. 19, which is a comparative example in which the reduction ratio is 10%, which is 
outside the range defined herein, the tensile strength of the drawn wire did not reach 400 kgf/mm 2 . 

Moreover, the percent fracture (n = 10) in a 180* bending test which indicates the deformability of 
drawn wires (filaments) was 0% in all the examples according to the present invention, while it was from 
55 10% to 100% in the comparative examples. 

Industrial Applicability 
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As described above in detail, in accordance with the present invention, high-strength and high-ductility 
drawn steel wires or filaments which have a diameter on the order of 0.2 mm and still possess TS (tensile 
strength) = 410 kgf/mm 2 and RA (reduction of area) £ 40% can be obtained, thereby making it possible to 
increase the tensile strength of tire cord wires and improve the performance of tires. 
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Claims 

1. A process for manufacturing a steel wire for use in wire drawing, comprising preparing a steel wire 
having a carbon content of 0.7% - 0.9% by weight and subjecting the steel wire to patenting treatment 

5 before final wire drawing, wherein the patenting treatment is performed by the steps of heating at a 

temperature in the austenitic range above the AC3 point, cooling to a temperature in the range of below 
the Aei point and above 500 *C at such a cooling rate that does not cross the pearlite transformation 
starting line in the isothermal transformation diagram, applying plastic deformation in that temperature 
range with a reduction rate of at least 20%, and causing pearlite transformation without heating to the 

io austenitic range. 

2. The process for manufacturing a steel wire for wire drawing according to Claim 1, wherein the plastic 
deformation is applied by rolling in a rolling mill or drawing through a warm die. 

75 3. The process for manufacturing a steel wire for wire drawing according to Claim 1, wherein the 
temperature at which the wire is heated in the austenitic range is in the range of from 50° C above the 
AC3 point to 200* C above the AC3 point. 

4. The process for manufacturing a steel wire for wire drawing according to Claim 1, wherein the cooling 
20 rate is 200 * C/sec or higher. 

5. The process for manufacturing a steel wire for wire drawing according to Claim 1, wherein the plastic 
deformation is applied by rolling using a rolling mill, warm drawing using a drawing die, or drawing 
using a roller die. 

25 

6. The process for manufacturing a steel wire for wire drawing according to Claim 5, wherein the 
temperature at which the plastic deformation is applied is in the range of 600* C ± 50* C. 

7. The process for manufacturing a steel wire for wire drawing according to Claim 5, wherein the plastic 
30 deformation is applied with a reduction rate of 40%. 

8. The process for manufacturing a steel wire for wire drawing according to Claim 5, wherein the plastic 
deformation is applied at a strain rate of at least 1.0 s" 1 . 

35 9. A steel wire for use in wire drawing manufactured by the process according to Claim 1, which has a 
pearlite block size of not greater than 5.0 urn. 

10. A steel filament obtained by wire drawing the steel wire according to Claim 9, which has a tensile 
strength of at least 400 kgf/mm 2 and a reduction of area of at least 40%. 

40 
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Fig. I 
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Fig . 2 
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